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An  Investigation  was  conducted  to  explore  new  methods  of  treating 
magnesium's  tee I  couples  after  the  two  metals  had  been  assembled  and  placed  In 
electrical  contact  •  *th  each  otlor.  A  phospnete  anodising  treatment,  prepared 
with  this  objective  In  mind,  proved  to  be  Ineffective  when  applied  to  such 
couples.  The  treatment  teemed  to  offer  considerable  corrosion  rests  fence  to 
magnesium  alone  when  the  operating  conditions  of  the  treatment  were  controlled 
within  close  1 Imtts. 
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••  INTRODUCTION 

The  accelerated  corrosion  rate  observed  with  magnesium  when  coupled  to  a 
dissimilar  metal  Is  a  problem  of  great  concern  to  the  defense  Industry,  vie h 
missile  systems  and  lightweight  airborne  equipment  becoming  Increasingly  nore 
complex,  design  requirements  oftentimes  call  for  an  assembly  of  dissimilar 
metals.,  such  as  magnesium  and  steel.  Electrical  contact  between  the  two  metals 
Is  oftentimes  established  and  because  of  the  difference  In  the  relative 
positions  of  the  two  metals  In  the  EMF  series!  a  galvanic  call  Is  created. 

When  the  assembly  is  exposed  to  moisture  and  electrolyte/ as  In  a  saline  atno-s- 
phere,  galvanic  corrosion  results.  The  most  effective  method  of  preventing 
galvanic  corrosion  is  to  Insulate  the  faying  surfaces  of  the  two  metals  to 
prevent  the  formation  of  the  galvanic  cell.  However,  when  press  fits  between 
dissimilar  metals  are  required,  this  is  not  possible.  There  Is  a  need  for  an 
effective  treatment  that  can  be  applied  to  dissimilar  metal  couples  (particu¬ 
larly  magnesium  and  steel)  after  assembly  that  will  prevent  or  appreciably 
retard  thn  affects  of  galvanic  corrosion.  A  recently  duveloped  stannete 
treatment  offers  a  stap  In  this  direction.  The  treatment  Involves  immersing  a 
magnesium-steel  assembly  for  a  minimum  of  twenty  minutes  In  a  bath  containing 
potassium  stannate  (K2Sn0a),  sodium  hydra.*  I  do  (NaOH),  sodium  acatate  (HaC^HjOj), 
and  tetrasodlum  pyrophosphate  (Nai^O^)  maintained  between  180*F  end  212*F. 
Although  the  treatment  affords  some  protection  against  galvanic  corrosion.  It 
has  not  provided  the  desired  degree  of  protection. 

A  hypothesis  exists  stating  the  rata  of  corrosion  of  a  metal  depends,  ?n 
most  cases,  on  the  permeability  of  the  surface  film  to  the  reactants.  The 
porosity  of  the  film  appears  to  depend  on  the  relative  volume  of  the  film  com¬ 
pared  to  the  volume  of  the  metal  from  which  It  Is  formed,  |.e,  Wd/awO  where: 

W  *  molecular  weight  of  the  metallic  compound  forming  the  film 
(of  formula  MaXb) 

0  -  density  of  the  compound  forming  the  film 
W  ■  atomic  weight  of  metal 
d  -  dentlty  of  the  metal 

H  -  metal  anion  of  the  compound  forming  the  film 
X  -  cation  of  the  compound  forming  the  film 
a  -  number  of  anions  per  molecule  of  film  compound 
b  -  number  of  cations  per  molecule  of  film  compound 

If  this  ratio  Is  greater  than  one,  the  film  tends  to  be  protective;  If  the 
ratio  is  less  than  one,  the  film  Is  porous  and  non-protect  I ve.  The  ratio  for 
magnesium  oxide  (MgO),  formed  on  a  magnesium  surface  when  exposed  to  moisture. 

Is  0.64  and  thereby  accounts  for  the  non-protect  I ve  character  of  the  film 
formed  by  corrosion  product.  On  the  other  hand,  magnesium  treated  with  chromic 
acid  forms  a  corrosion  resistant  film  composed  of  magnesium  chromate 
(MgCrOi..7H20)  for  which  the  ratio  Is  11.3*  Similarly,  the  film  of  magnesium 
fluoride  (HgF?)  formed  when  magnesium  Is  treated  by  hydrofluoric  acid  products 
a  ratio  of  1.49  indicating  the  film  to  be  protect  I v%  which  Indeed  It  Is. 

If  this  hypothesis  Is  valid  for  alt  films,  then  a  magnesium  surface  film 
of  magnesium  phosphate  (Mgj (PO4) j) ,  resulting  from  treatment  with  a  P0^~ 
solution,  or  a  magnesium  surface  film  of  magnesium  pyrophosphate  (MgiPjOj), 
resulting  from  treatment  with  solution,  should  be  protective  since  their 


ratios  are  4.0  and  3*9  respectively.  Therefore,  It  was  decided  to  conduct  a 
number  of  laboratory  tests  whereby  magnesium  panels  would  be  treated  by 
phosphate  and  pyrophosphate  solutions  under  various  operating  conditions 
Including  the  application  of  an  external  EMF.  If,  a  treatment  could  be  deve¬ 
loped  that  would  successfully  protect  magnesium  alone,  It  would  th*r»  be  tasted 
on  magnesium-steel  couples  since  the  phosphate  and  pyrophosphate  treatments 
should  also  produce  protective  films  on  steel  because  the  ratios  for  ferrous 
phosph-te  (Fe3  (P0^) 2)  and  (Fe^^O^j)  are  8.9  and  12.0  respectively. 

II.  DETAILS  OF  TEST 

These  studies  were  conducted  testing  the  applicability  of  various  phosphat- 
Ing  procedures  on  magnesium.  After  treatment,  the  panels  ware  coated  with  0.001 
Inch  dry  film  of  Hill tary  Specification  HI L-P-15930  (Primer,  Vinyl  Zinc  Chromate 
Type,  Formula  No.  120)  air  dried  72  hours,  scored,  and  then  exposed  to  201  salt 
spray  (operated  according  to  Federal  Test  Method  Standard  No.  141,  method  6061). 
The  test  panels  were  examined  every  24  hours  and  evaluated  for  corrosion  resis¬ 
tance. 

Initially,  three  series  of  A23IB  magnesium  alloy  panels  were  given  e  light 
zinc  phosphatlng  treatment  according  to  Military  Specification  TT-C-490,  type  I. 
For  each  series  of  panels,  the  application  procedure  was  verted  slightly  (see 
■"able  I). 

Another  test  (Table  II)  was  conducted  whereby  two  series  of  AZ31B  alloy 
panels  were  spray  treated  by  phosphatlng  solutions  conforming  to  Military 
Specification  TT-C-490,  type  II. 

A  number  of  cursory  laboratory  tests  were  also  performed  whereby  magneslue 
panels  were  treated  by  solutions  of  NeHjPO^  under  various  operating  conditions 
Including  the  application  of  an  external  EMF.  Tests  Involving  baths  containing 
NajP^Oj  and  mlxturas  of  Nt2p207  with  NaHoPO^  were  also  conductad.  The  results 
of  this  effort  showed  that  an  anodizing  bath  containing  NaH2P04.H20  at  a  con¬ 
centration  of  I3.7  gms/ll ter  offered  the  most  promising  results.  *The  phosphate 
anodizing  process  consisted  of  connecting  the  magnesium  component  to  the  anode 
of  a  D.  C.  source  end  using  one  or  two  steel  plates  Immersed  In  the  bath  as  the 
cathode.  A  current  density  of  16  emps/sq.ft.  was  applied  for  a  period  of  ten 
minutes  during  which  time  the  potential  remained  rather  steady  around  20  volts, 
dropping  possibly  a  maximum  of  two  volts.  The  bath  was  maintained  at  room 
temperature  and  the  pH  rose  during  the  operation  from  about  5.0  to  5.5  where  It 
reached  e  plateau.  Studies  were  made  to  determine  the  operating  limits  by 
varying  the  bath  concentration  between  0.5  to  1.0  moles  NaHjPOjj/llter  cf  water, 
the  pH  from  4*3  to  6.9#  the  current  desnlty  from  8  amps/sq.rt.  to  60  amps/sq. 
and  operating  times  from  8  to  25  minutes  (sea  Table  III). 

This  phosphate  anodizing  treatment  was  compared  with  three  other  proprietary 
magnesium  treatments  used  quite  extensively  In  Industry,  namely  e  chemical  pre¬ 
treatment  conforming  to  Specification  MIL-M-JI71,  Type  HU  an  anodic  pretreet- 
ment  conforming  to  Specification  Mll-M-45202  (Ord),  type  I,  clefs  Cj  end  e 
chemical  treatment  consisting  of  a  five  minute  Immersion  at  room  temperature  In 
e  bath  containing  chromic  acid  (CrOj)  and  calcium  sulfate  (CaSO^)  (see  Table 
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The  phosphate  anodizing  troatment  was  also  evaluated  on  magnesl wn»st*a5 
couples.  Test  specimens  were  prepared  by  placing  a  steel  bolt  through  a 
magnesium  panel  and  treating  the  specimen  after  assembly  (sea  Table  v) ■ 

III.  DISCUSSION 

The  TT-C-490,  type  I  zinc  phosphate  Immersion  produced  a  loose,  powdery 
coating  bluish-gray  in  appearance.  Upon  removal  of  the  powder,  a  dark, 
adherent  coating  was  noticed  on  the  Immediate  surface.  The  spray  zinc 
phosphate  treatment  produced  a  coating  that  was  free  from  the  powdery  deposit 
and  similar  In  appearance  to  the  dark  undercoating  cf  the  Immersion  treated 
panels.  The  salt  spray  results  shown  In  Table  I  indicate  that  the  Immersion 
treatment  offers  only  slight  corrosion  resistance  wnereas  the  sprey  method 
offers  none. 

The  TT-C-490,  type  II  treatment  produced  only  slight  discoloration  on  the 
panel  surfaces.  The  results  in  Table  II  show  that  the  tour  minute  sprey  method 
afforded  considerably  more  protection  than  th.  two  minute  spray. 

The  phosphate  anodizing  treatment  produces  a  surface  film  which  Is  dark  t 
grainy  In  appearance.  Unfortunately,  the  bath  becomes  readily  depleted  and  in 
doing  *o,  a  white,  powdery  precipitate  forms  on  the  edges  of  the  test  panels 
giving  the  appearance  of  corrosion  product.  This  precipitate  Is  easily  washed 
off  upon  subsequent  rinsing  and  seems  to  have  no  detrimental  effects  upon  the 
performance  of  the  coating,  nevertheless.  It  produces  a  rough,  uneven  surface. 
This  same  observation  was  made  when  the  bath  was  operated  at  a  high  pH  around 
6.8,  even  though  excellent  corrosion  resistance  was  noted  (see  Table  III). 

This  effect  became  worse  upon  subsequent  treatments  in  the  seme  heth.  In  fact. 
It  was  found  that  operating  conditions  varying  slightly  from  a  pH  of  4.3  to  5*5, 
a  current  density  of  16  amps/sq.ft.,  and  an  operating  time  of  10  to  15  minutes 
made  the  treatment  considerably  less  effective. 

Uhen  strict  control  over  the  operating  variables  Is  exercised,  however, 
this  phosphate  anodizing  treatment  seems  to  offer  considerable  protection  to 
magnesium  alone.  As  can  be  seen  in  Table  IV,  when  compared  with  three  pro¬ 
prietary  treatments,  it  offered  the  best  corrosion  resistance,  being  somewhat 
better  than  Mll-M-45202  and  considerably  better  than  M I L— H-3 1 7>  end  the  chromic 
acld/calclum  sulfate  Immersion  treatment. 

Unfortunately,  the  phosphate  enodizlng  treatment  Is  not  applicable  to 
magnesium-steel  couples.  The  results  In  Table  V  demonstrate  the  ineffective¬ 
ness  of  the  treatment  for  such  applications. 

IV-  SUMMARY 

Although  the  phosphate  anodizing  treatment  has  been  demonstrated  to  be  non- 
appllcable  to  magnesium-steel  couples,  further  testing  and  development  should 
be  conducted  before  It  can  be  accepted  as  an  effective  procedure  for  magnesium 
alone.  Such  efforts  should  be  concentrated  in(a)  determining  more  closely  the 
operating  limits  of  the  bath, (b)  evaluating  more  extensively  the  effectiveness 
of  the  treatment  by  comparing  It  with  many  proprietary  treatments,  (c) 
eliminating  the  deposit  of  white  precipitate  on  the  edges  of  the  test  panels 
end  Increasing  the  life  of  the  phosphate  bath. 
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Of  course  the  greatest  efforts  In  future  studies  should  be  directed  to 
develop  a  method  of  preventing  galvanic  corrosion.  The  Ideal  treatment  would 
be  one  that  contains  a  self-healing  Ingredient  which,  when  the  film  Is  scored, 
would  leach  out  of  the  coating  and  treat  the  newly  exposed  me ta I .  Without  this 
particular  feature,  It  would  be  thermodynamically  Impossible  for  a  scored 
bimetallic  assembly  to  resist  corrosion. 

Beccuse  of  the  difficulty  encountered  in  attempting  to  devt-lop  an  aqueous 
treatment  for  magnesium-steel  couples,  o  study  should  be  Initiated  Into  the 
use  of  organic  media  for  treating  bimetallic  assemblies.  Such  a  study  would 
Involve  much  basic  research  since  limited  Information  con  be  found  In  this 
field. 
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TABLE  I 


SALT  SPRAY  RESULTS  (HOURS  TO  FAILURE) 


PHOSPHATE  PRE TREATMENT1  TT-C-490,  TYPE  I  OH  MAGNESIUM 


No  Pretreatment 

One  minute  <£>  1 80® F 
Immers Ion  process 

— 1.1  .  T  _ »  U  ^ 

Five  minutes  <f>  I80*F 
Immersion  process 

One  minute  B  ISO*f 
Sprev  process 

24 

72l 

S62 

24 

24 

72* 

24 

965 

n\ 

722 

722 

24 

24 

After  pretreatment  test  panels  were  coated  with  cie  mil  dry  film  of  primer  con¬ 
forming  to  Specification  MIL-P-15930,  Primer,  Vinyl  Zinc  Chromate  Type,  Formula 
No.  120. 


2The  loose  powdery  crystals  formed  on  the  surface  by  the  Immersion  process  were* 
removed  prior  to  application  of  primer. 


TABLE  II 

SALT  SPRAY  RESULTS  (HOURS  TO  FAILURE) 


PHOSPHATE  PRETREATHENT1  TT-C-490,  TYPE  II  ON  MAGNESIUM 


No  Pretreatment 

TWo  minutes  @  1 50* F 

Spray  process 

Four  minutes  I50*F 

Spray  process 

24 

96 

120 

24 

72 

144 

96 

216 

96 

216 

144 

'After  pretreatment  test  panels  were  coated  with  one  mil  dry  film  of  primer 
conforming  to  Specification  M I L-P- 1 5930  Primer,  Vinyl  Zinc  Chromate  Type, 
Formula  No.  120. 


TABLF  III 


SALT  SPRAY  RESULTS 


PHOSPHATE  ANODIZIHQ1  ON  MAGNESIUM 


NaH2P01+ 
Concentration 
(mo les/l 1  ter) 

pH 

Current 
dens  1 ty 
(amps/sq. f t. ) 

Operating 

time 

(minute*) 

Temperature 

*F 

Muu/s 

Exposure 

Before 

Fel lure 

0. 1 

5.0 

8.0 

15 

74 

600 

0. 1 

4.3 

16.0 

73 

912 

0.  1 

6.6 

16.0 

15 

72 

1008 

0. 1 

6.9 

24.0 

10 

74 

9<2 

4.0 

16.0 

15 

73 

792 

ns 

4.4 

60.0 

8 

75 

600 

0.  1 

4.3 

16.0 

10 

75 

792 

0.  1 

5.0 

12.0 

?5 

77 

600 

0.  1 

5-0 

12.0 

2l* 

78 

600 

0.  1 

5-4 

12.0 

20 

80 

552 

0.  1 

5-5 

16.0 

10 

82 

912 

0.  1 

5.5 

16.0 

10 

82 

792 

'After  pretreatnent  test  panels  were  coated  with  one  mil  dry  film  of  primer 
conforming  to  Specification  MIL-P-15930  Primer,  Vinyl  Zinc  Chromate  Type, 
Formula  No.  120. 


TABLE  IV 

SALT  SPRAY  RESULTS  (HOURS  TO  FAILURE) 


PHOSPHATE  ANODIZE  VS  PROPRIETARY  PRETREATHENTS  ON  MAGNESIUM* 


Phosphate 

No  Pre treatment  anodize2 

M 1 L-M-3 1 7 1 
Type  III 

MIL-M-45202(0rd) 
Type  1,  Class  C 

Cr0,+CaSU^ 

Bath 

72 

648 

168 

360 

168 

72 

744 

216 

672 

2*6 

72 

720 

168 

672 

168 

72 

648 

240 

408 

-  -‘.fiTOiSi 

72 

648 

240 

408 

72 

648 

216 

672 

After  pretreatment  test  panels  were  coated  with  one  mil  dry  film  of  primer 
conforming  to  Specification  MIL-P-15930  Primer,  Vinyl  Zinc  Chromate  Type, 
Formula  No.  120. 

■^Operating  conditions:  0.1  mole/llter;  pH  »  5-0  to  5*5»  current  density  16 
amps/sq/ft/;  operating  time  10  min.  at  room  temperature. 

^Flve  minute  Immersion  In  the  bath  at  room  temperature. 
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SALT  SPRAY  RESULTS  (HOURS  TO  FAILURE) 


PHOSPHATE  AHODIZE  OH  HAGHESIUH-STEEL  COUPLE  * 


Ho  Pretreatment 

2 

Phosphate  Anodlzo 

24 

24 

24 

24 

?  24 

24 

24 

24 

24 

24 

24 

24 

I 

Specimen;?  were  assembled  prior  to  treating.  After  pretreatment  they  were 
coated  with  one  mil  dry  film  of  primer  conforming  to  Specification  MIL-P- 
I59>0  Primer,  Vinyl  itlnc  Chromate  Type,  F'orniuia  120. 


T 

Op* 'sting  conditions:  0.!  mole/liter;  pH  5.0  to  5-5,  current  density  16 
amps/sq. f t.  Operating  time  -  1°  minutes  at  room  temperature. 
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Plcatlnny  Arsenal 
ATTN:  Mr.  J.  J.  Begley 
Oover,  Now  Jersey 
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Comroandln.  'fflcer 

U.S.  Army  Ballistic  Research  Laboratories 
ATTN:  Mr.  W.  C.  Pless 

Mr.  R.  Elchelberger 
Mr.  J.  Spcrrazza 

Aberdeen  Proving  Ground,  Maryland 

Technical  Library 

Aberdeen  Proving  Ground,  Maryland 


Department  of  the  MavN 


Department  of  the  Navy 


c/o  Navy  Liaison 


Aberdeen  Proving  Ground,  Mary  lane 


Commander 

ll.S.  Naval  Weapons  Laboratory 
Dahlgren,  Virginia 


Department  of  the  Navy 
Chief,  Bureau  of  Naval  Weapons 
Washington  25,  0.  C. 


Other  Government  Agencies 


Scientific  and  Technical  Information  Facility 
ATTN:  NASA  Representative  (S-AK/Dl) 

P.  0.  Box  5700 
Bethesda,  Maryland 


Office  of  Technical  Services 
Acquisitions  Section 
Department  of  Commerce 
Washington  25,  0.  C. 


Foreign  Address 


Ministry  of  Supply  Staff 
British  Joint  Services  Mission 
1800  K  Street,  N.  W. 

Washington  6,  D.  C. 


Canadian  Army  Staff 
ATTN:  GS0-1  A SR  Section 
2450  Massachusetts  Avenue,  N.  W. 
Washington  8,  0.  C. 
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